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Pt*atfc**ib, Pennsylvania 1910T

SUBJECT: Ketcoa Radiation Site, Won-Radioactive DATE: 11-02-94
. Ketals Cleanup Levels i Summary of
issues

FROM: Jennifer Hubbard, Toxicologist
Technical support Section (3HW13)

TO: .'tfttf'DOdd, OSC
Removal Enforcement Section (3KN33)

Ibis memorandum follows up issues discussed in my memoranda
Of 3-22-94, 5-20-94, and 5-31-54.

The OSC tasked the toxicologist to review proposed cleanup
levels end supporting documentation used to derive then for
protectivenecs at the Site. The results of this review were set
forth in the 3-22-94 memorandum; this review identified several
areas of concern with respect to inconsistencies with Superfund
risX assessment process and possible errors.

. . ' v
The OSC then requested that the toxicologist derive cleanup

levels that would take these issues into account. Those levels
were presented in the 5-20-94 and 5-31*94 nemoranda*

Upon reviewing EFA's proposed levels, certain Respondents
objected en several counts. Objections raised on technical
issues are euoaarized below:
1* Hffl flffSWjied •oual v»tahfcj.no of noneaireinpaMig Jtfifeh i*QSPQCt

to total riafc. '
Thia is a typical assumption used as a starting point
because of its conservative nature.' However, the
Respondents were correct that chemicals could be divided
into classes affecting similar target organs and a total
Hazard Index of i be assigned to each category. Therefore,
the BPA. toxicologist divided the list of chemicals from the
Hay memoranda into several categories by sensitive target
organs i CENTRAL NERVOUS SYSTEH—-manganese; KIDMEY—cadmium,
molybdenum, chromium; GASTROINTESTIHAL—copper; SKIH—
arsenic, chromium; CROWTH/LONGEVITV (includes numbers based
en LDSOs and nonspecific effects such, as shorter life span
and decreased growth rate)—antimony, indium, nicXel, and
titanium.
The Respondents indicated a preference for using cadmium and
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nickel as the chemicals that would be adjusted to achieve
the target risk, rather than adjusting all chemical
concentrations. This ia acceptable to EPA since other
chemicals at current concentrations pose a very minor
contribution to the total risk. As long as existing risks
ave accounted for, cadmium and nickel can properly be
considered to be the driving contaminants. Under those
assumptions, non-radioactive soil contaminants other thaa
cadmium aad nickel would not warrant cleanup, but would bo
assumed to be present at the concentrations shown ia the
Respondent*' supporting documentation.
Because the nickel aad oadaium RfD* are not based oa the
saao target organs, the approach taken by the Respondents
was to derive a "renal RfD" for nickel. This raaal RfD was
taea used to derive a "zonal Easard Quotient* for nickel
that could bo added to the Hazard Quotient for eadaiua.
(The Hazard Quotient for cadmium was already based oa reaal
offoots.) Pursuant to the conference call of »-20-t4, do
aaximis, inc., submitted a more detailed discussion of the
derivation of the reaal RfD for niokel.
The raaal RfD derivation is innovative and was act employed
ia BM's earlier memoranda. tFpon receipt of tho supporting
aateriai (10-24-M), Sfa was able to assess the
appropriateness of this value.
The reaal RfD was derived froa a VOAZL <vo Observed Adverse
iff acts Level) based oa a citation froa ATSDR. AMOR'S

la for Mickel included tho original
source of this MOAKL of 25 ag/kg/day, which waa a dog
feeding study (Ambrose ot al, l»7«). Uncertainty factors of
10, 10, and 5 wore applied to account for iaterepecies aad
intraspecies variability and use of a shorter-thaa-lifetiae
study* B9A finds use of tho study to bo acceptable. WA
finds tho uncertainty factors to bo appropriate; their
application waa ia accordance with B?A guidance oa the
derivation of RfDs. The use of an uncertainty factor of *
instead of 10 for tho subchroaio-to-chronio conversion waa
justified by the fact that tho study was "loag-tora" (two
years la dogs) but lesa than lifetime.
Therefore, an applies tho roaal RfD for niekol ia
determining cleanup levels for nickel that will bo additive
to those of cadmium, aa sot forth ia tho Respondents'
supporting documentation.

2.

The toxicologist had presented the OSC with a range of
cleanup levels for carcinogens. The Osc haa indicatê  that
risks up to IB-3 will bo considered to bo acceptable because
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they are still within EPA's target risk range of IE-4 to 1E-
6. Existing on-site concentrations of carcinogens have been
found to correspond to a cancer risk less than IE-3.

3 . Tha IrMlinn "ayroir** Adantif iad fry

This was found to be true and EPA estimations of indium risk
dropped significantly, rendering indium no longer an
important contributor to total site risk.

By 9*20-94, the above three issues had been resolved, and
EPA could accept cleanup levels of existing concentrations for
all metals except cadmium and nickel.

Two chemicals that could affect the cadmium and nickel
cleanup levels in a minor way were chromium (renal group) and
titanium (growth/ longevity group). Two issues affecting these
chemicals vere raised by the Respondents during the conference
call of 9-20-94:

4.

EPA usually assumes hexavalent chromium, in order to be
conservative, in the absence of other evidence. However ,
the historical sampling data show a 95% UCL for hexavalent
chromium in soil of less than 1 mg/kg. These data show that
hexavalent chromium is expected to be a negligible
contributor to on-site soil chromium; therefore, the use of
trivelent chromium dose-response parameters is appropriate
in determining clean-up levels at this Site*

The Respondents had developed a provisional RfD of IE-1
mg/kg/day for titanium, based on an oral mouse LD50 of
titanium dioxide. EPA developed a provisional RfD of 6E-4
mg/kg/day, based on an Intramuscular rodent dose, of
titanium. Because of the limited data available, there is
no Agency-wide consensus on an RfD for titanium; therefore,
best professional judgment must be used.
Titaalum is a metal used in a large number of industrial
applications. Titanium dioxide is a. pigment that is also
widely used; in fact, it is the most widely used titanium
compound. At the outset, there is no clear and obvious
indication of which number (provisional RfD of IE-1
mg/kg/day or 6B-4 mg/kg/day) is more appropriate. However,
sources in the literature were unanimous in emphasizing the
relative nontoxicity of most titanium compounds (among them
Lewis, 1992, and Doull, 1986). Use of the lower RfD (6E-4
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mg/kg/day) would assume that titanium was more toxio than
almost any other metal, which contradicts these sources.
Also/ for oral and dermal evaluation (which is appropriate
for this site), a number based on oral rather than
intramuscular application is probably more appropriate. For
these reasons, the higher RfD of IE-1, as used in
Respondents' supporting documentation, seems more
appropriate.
When the above factors (items 4 and 5) are taken into

account, the contributions of chromium and titanium to total site
risk decrease dramatically.

In order to determine the cadmium and nickel target
concentrations, discrepancies between the Respondents' supporting
documentation and the typical Superfund assessment were
identified and examined. The use of a "renal RfD9 for nickel has
already been discussed, above. Three major differences relevant
to dermal assessments were identified; each of these differences
appeared in the dermal exposure pathway evaluation. As a
preliminary matter, BPA supports the use of a skin surface area
of 2000 cm2 set forth in the Respondents' supporting
documentation. The three differences and their effects on
potential cleanup levels are discussed below*

6. The Respondents' documentation assumed a soil-to-skin
adherence factor (AF) of 0.51 mg/cm2. BPA Region III
formerly used 1.45 mg/csr, based on potting soil, as per
USXPA, 1989 f»t«k *BiMgafmt Guidance for Suaerfundl, as the
acceptable soil-to-skin AF. BPA has modified the acceptable
soil-to-skin AF downward to l.O mg/cm2. This new number
represents the upper end of the range recommended in the
dermal guidance (USEPA, 1992). The acceptable range is 0.2
to 1.0 mg/cm2, and 0.51 mg/cm2 is within that range.
Selection of the AF is generally a matter of professional
judgment in the absence of site-specific studies. The use
of an soil-to-akin AF of 0.51 mg/cm2 would halve the dermal
exposure as estimated by BPA. However, the overall effect
on the target cleanup concentrations depends more upon other
factors. The AF alone may have a negligible effect or an
effect up to a factor of 2 on resulting cleanup levels*

7. Respondents' supporting documentation failed to indicate
which method was used by the Respondents to adjust RfDs for
absorbed dose. As noted in earlier memoranda, absorbed RfDs
were given that were higher than intake RfDs. This is
counterintuitive because it is impossible for a person to
absorb a certain quantity of a substance greater than the
overall intake of such substance. USBPA, 1989, Appendix A,
describes the process for deriving absorbed RfDs from intake
RfDs.

BVA's dermal assessment included arsenic, copper, manganese,
and titanium. Kowever, these four chemicals 414 not
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contribute significantly to total risk, and eleanup levels
were not derived for them. SPA adjusted all RfDs in the
dermal assessment ad par Integrated RisX Information System
("IRIS") or other guidance (Sfifi, Doull, 1986). In any casa,
the two chemicals for which this issue becomes significant
are cadmium and nickel, whose adjusted dosas are described
hara in detail.
The cadmium-in-food RfD (used to evaluate soil exposure, as
opposed to the cadmium-in-water RfD) vas adjusted by 2.5%
for absorption as recommended on IRIS:

IK-3 mg/kg/day X .023 - 2.3B-5 mg/kg/day

Use of this number, instead of the unadjusted RfD used in
the Respondents' supporting documentation, results in the
cadmium dose at 1300 mg/kg exceeding a Hazard Quotient of 1*
The use of the adjusted/absorbed RfD is appropriate when
calculating a Hazard Quotient based on an absorbed dose, as
specified in the guidance and as recommended by the source
of the RfD.
Because •**/• origiaal dermal assessment for aiekel (3-ao-
94) wms not based on toe renal RfD, the following discussion
summarises derivation for * dermal RfD based on the
Respondents' renal RfD. The Respondents' oral nickel RfD
for renal effects was based on a dog feeding study*
Therefore, BPA sought references on the oral absorption of
nickel from food (in dogs, if possible), unfortunately, the
study on which the renal RfD was based (Ambrose at al, 1976)
did not permit quantitation of the absorption, stating only
that fecal excretion was •variable* and amounts retained in
tissue ware "small." the range of reviewed studies for oral
absorption of nickel by rats and dogs is reported to be 1-
10% (OSEPA, 1986; ATSDR, 1993), with the lower end of the
range representing absorption from food. Based on the fact
that the nickel was given in food, and based on the
recommendation of USKPA, 1989, for conservative estimates,
it appears that 1% would be appropriate:

5R-2 mg/kg/day X .01 - 5E-4 mg/kg/day

Use of this number, instead of the adjusted-upward RfD as
used in the Respondents' supporting documentation, decrease*
the amount of allowable nickel and therefore the target
concentration. However, this has a minor effect in
comparison with the next issue, the dermal absorption,
factor.

8. The dermal absorption factor (ABS) is probably the greatest
difference and therefore has the most influence on the
target cleanup concentrations* The ABS typically reflects
the percentage of a chemical in a soil matrix that will be
absorbed by the skin. The Respondents' supporting
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documentation used a value of o.ooi (or o.x%) for the dermal
absorption of all metals from toil, including cadmium and
niOc«l. This was expressed in risk assessment tables as
(0.0001/hr) x 10 hr. The derivation of that expression was
not clear.
SPA, in the original derivation of cleanup levels (5-20-94
and 3-31-94), used a dermal absorption factor of 1% for all
metals from soil, including cadmium and nickel. With
respect to cadmium, USSPA, 1992, set forth a range of dermal
absorption factors of 0.1% to 1.0%. The 0.1% to 1.0% range
tor inorganics is also supported in Ryan et alp 1987.
Region III, in keeping with the recommendation in USEPA,
1989, for conservative assumptions of the absorption factor,
typically recommends the use of 1.0% for cadmium.

Studies specific to the absorption of nickel compounds have
determined nickel absorption by non-occludad skin to be less
then 0.1%, thus rendering 0.1%, as set forth in Respondents'
supporting documentation* an acceptably conservative
estimate for dermal absorption of this metal.
Therefore, the difference ia a 1% or 0.1% AM affects only
eadmium aad met aiekel. In determining the cadmium cleanup
concentration, the use of 1*0% as the appropriate dermal
absorption factor for cadmium, rather than 0.1%, affects the
resulting cadmium cleanup concentration by decreasing this
cleanup concentration approximately seven-fold*

SUMMARY OF OOTSTAHDIHO ISSUES

Based upon the above discussion, two issues remain
outstanding! selection of the IBS for cadmium, aa4 selection of
the AT* BPA does not see any reason at this time to deviate from
EPA-derived dose-response parameters for dermal absorption; toe
dermal RfDs in the TO/A* appesr to have been erroneous* The
selection of the cadmium ASS sad the AT reflect ranges Ybieh
require the use of professional judgment. To ensure
protectiveness, BPA typically prefers to use 1) the best estimate
of such parameters; or 2) the upper end of the probable range,
where the best estimate is unknown. Possible cleanup levels for
cadmium and nickel would depend upon these parameters and are
shown in the table below.
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AF - 0,51 ag/ca*
(MO/Afe)

AT - i.o ag/ca*

ABS - 0.01

ca - 130 ag/xg
Ni - 13000 ag/kg*

ca - 70 ag/xg
Ni - 8000 ag/kg*

ABS - 0.001
(MO/AR)

cd - 700 ng/xg
Ni « 13000 ag/kg
Cd - 500 ag/xg
Hi * 8000 ag/xg

SABS - 0.001 for nickel in all cases

The information in this aeaorandua is intended to follow up
on issues identified in earlier memoranda, docuaent changes in
earlier recoaaendations and the reasons for those changes, and
present the final issues remaining for consideration. This
should enable the osc to negotiate cleanup levels based on an
inforaed decision.
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